Upregulated delta-like protein 3 (DLL3) functions as a Notch ligand and has been a target for cancer therapy. The present study assessed DLL3 expression as a tumor marker for endometrial cancer.
Introduction
Endometrial cancer is a common female neoplasm, especially in postmenopausal women, and accounted for approximately 320,000 new cancer cases and 76,000 cancer-related deaths globally in 2014, which makes it the 6th most common cancer in women. [1] The incidence and mortality of endometrial cancer have been increasing over the past decades. [2] [3] [4] For example, in China alone, endometrial cancer accounts for approximately 7% of malignancies in females and up to 25% of female reproductive system cancers. [5] Endometrial cancer morbidity is 2nd only to cervical cancer in China, and it may be 1st in certain geographic areas such as Beijing or Shanghai, China. More recently, there has been a trend toward an increasing incidence in younger women. [5] To date, treatment of endometrial cancer usually consists of conventional surgery, radiotherapy, chemotherapy, and hormonal therapy based on the stage of disease. Overall, 90% of patients with endometrial cancer undergo some form of surgery followed by other types of add-on therapy. [6] [7] [8] Endometrial cancer, if diagnosed at an early stage, has a 5-year survival rate of up to 90%; however, approximately 15% of patients are diagnosed with advanced stages of disease or highrisk histopathology leading to worse survival rates. [9, 10] To date, universal biomarkers to precisely diagnose endometrial cancer have not been identified, although CA-125 may be useful in advanced stages and serious endometrial cancer. Furthermore, there is no effective biomarker to predict treatment response currently (such as adjuvant radiation and/or chemotherapy) in endometrial cancer. In these regards, identification of novel biomarkers for early detection and prognostic indicators or treatment responses could greatly improve the management of The results given in the present study are in whole or part based upon data generated in the TCGA Research Network (https://gdc-portal.nci.nih.gov/). This work was supported in part by grants from the National Science Foundation of China (#81602676) and the Young Innovation Foundation of the First Affiliated Hospital of Xian Jiao Tong University (#2015YK14) to Juan Wang.
endometrial cancer. Moreover, detection of altered gene expression in endometrial cancer could improve our understanding of endometrial cancer development and progression and therefore help to develop novel therapeutic strategies for the effective control of endometrial cancer.
Our present research focused on delta-like protein 3 (DLL3), which is an atypical member of the Notch receptor ligand family that is able to inhibit activation of the Notch receptors. [11, 12] DLL3 contains different functional domains (such as a DeltaSerrate-Lag2 [DSL] domain, epidermal growth factor [EGF] repeats, and a transmembrane domain), and aberrant DLL3 expression has been found in neuroendocrine cancers and highgrade serous ovarian cancer. [13] A previous study targeted the DLL3 protein as a novel therapeutic strategy to control highgrade neuroendocrine carcinomas, including small-cell lung cancer. [13] In this study, we assessed DLL3 expression as a tumor marker for endometrial cancer and explored DDL3 expression as a prognostic predictor.
Materials and methods

Data collection and analysis
The level of DLL3 mRNA and the corresponding clinicopathologic data from patients with endometrial cancer (545 tumor and 35 adjacent tumor tissues) were downloaded from the The Cancer Genome Atlas (TCGA database; https://gdc-portal.nci. nih.gov/) on July 10, 2017. The case data for this retrospective study was derived from the TCGA database, so no ethical approval is required. We then standardized DLL3 expression data in each patient using the Trimmed Mean of M-values method. The differential DLL3 expression between tumor and para-carcinoma tissues was subsequently analyzed using Limma, an R/Bioconductor software package, according to a previous study. [14] To guarantee the quality of the study, the data were collected and analyzed in a blinded fashion by 2 investigators.
Statistical analyses
The median level of DLL3 expression in tumor tissues was 5.086; this value was used as the cut-off point for upregulated DLL3 expression in each tumor case. We then performed a MannWhitney U test and a logistic regression test to associate DLL3 expression with different clinicopathologic data. The Cox regression test was used to analyze overall survival and association with clinicopathologic characteristics. The KaplanMeier curves and the log-rank test were used to analyze overall survival stratified by DLL3 expression in these patients with endometrial cancer. All statistical analyses were performed using SPSS version 23.0 (IBM Corp, Armonk, NY) and GraphPad Prim 7.0 (GraphPad Software, La Jolla, CA). A P-value <.05 was considered to be statistically significant.
Results
Characteristics of patients
From the TCGA data, we obtained 545 patients with primary endometrial cancer, and tissue specimens from these patients were profiled for differentially expressed genes in June 2017. Patients' clinicopathologic characteristics are shown in Table 1 . Specifically, the median age of this patient cohort was 64 years old (ranged between 31 and 90 years old) with the following patient demographic breakdown: 70% of the patients were White, 21% of the patients were African-American, 4% of the patients were Asian, and <3% of the patients were Native American/Alaskan Native and Native Hawaiian/Pacific Islander patients. Histologically, the majority of patient tumors were endometrioid adenocarcinomas (74.9%, n = 408), followed by serous endometrial adenocarcinomas (21.1%, n = 115), with the remaining tumors being classified as "mixed" (4%, n = 22). Moreover, patients with stages I, II, III, and IV cancer comprised 62.62%, 9.58%, 22.84%, and 4.96% of the cohort population, respectively, and patients with tumor grades 1, 2, and 3 comprised 18.5%, 22.7%, and 58.8% of the cohort population, respectively. Nearly half of all patients had deep myometrial invasion (49.6%), and 10% and 5% of these patients had tumor pelvic and para-aortic lymph node metastasis, respectively. The median follow-up period was 30.3 months (ranged between 0 and 228 months).
Upregulation of DLL3 expression in endometrial cancer
The level of DLL3 expression was assessed using a cDNA microarray in both endometrial cancer and the paracarcinoma tissues. In this study, we downloaded the data from the TCGA database and assess the level of differential DLL3 expression in endometrial cancer tissues, and found that the level of DLL3 expression was significantly upregulated in endometrial cancer tissue when compared to para-carcinoma tissue (P < .0003; Fig. 1 ).
Association of DLL3 expression with clinicopathologic variables from patients with endometrial cancer
We then associated DLL3 expression with clinicopathologic variables from patients with endometrial cancer using a cut-off point of the DLL3 level (the median expression value was 5.086). We found that the upregulated DLL3 expression was associated with older patients (≥64 years; odds ratio [OR] = 1.74 for age ≥64 years vs <64 years) and higher tumor International Federation of Gynecology and Obstetrics (FIGO) stages (OR = 2.9 for stage I/II vs stage III/IV), grade 3 (OR = 5.1 for grade 1/2 vs grade 3), deep myometrial invasion (OR = 2.2), pelvic (OR = 12.9), and para-aortic lymph node (OR = 9.9) metastases (P .001; Fig. 2 and Tables 1 and 2 ).
Association of upregulated DLL3 expression with prognosis of endometrial cancer
The Kaplan-Meier curves and the log-rank test showed that upregulated DLL3 expression also associated with shorter overall survival of patients with endometrial cancer (P = .0045; Fig. 3 ). We then performed univariate and multivariate analyses to assess the association of overall survival with DLL3 expression and clinicopathologic characteristics. Our univariate analysis showed that high DLL3 expression, older age, advanced tumor stages, higher grade, and pelvic/para-aortic lymph node metastases were all associated with worse overall survival of patients (Tables 2  and 3 ). Moreover, our multivariate analysis showed that DLL3 overexpression and advanced tumor stages, grades, and lymph node metastases were all independent prognostic predictors for endometrial cancer (Table 3 ).
Discussion
Treatment and prognosis of endometrial cancer depends considerably on the tumor stage. Early stages of endometrial Wang et 
Medicine cancer can be cured by surgery followed by chemoradiotherapy, with favorable overall survival rates. Thus, early detection is the key to cure patients with endometrial cancer clinically, while the identification of biomarkers to predict prognosis or treatment responses could help medical oncologists to effectively control endometrial cancer. At the present time, the diagnosis and classification of endometrial cancer are according to the FIGO system. The magnetic resonance (MR) image is used to assess and evaluate the association with prognosis for many malignant tumors, such as breast cancer, nasopharyngeal carcinomas, retinoblastomas, and other cancers. [15] [16] [17] [18] [19] For endometrial cancer, routine MR imaging in combination with the T2-weighted imaging, diffusion weighted imaging, and dynamic contrast-enhanced MR, which are also used for preoperative assessment tumor staging. [20] [21] [22] Similar to other cancers, we evaluated the distant lymphoma nodes and organ metastasis using whole body computed tomography (CT) in clinic. [23, 24] Despite the high accuracy of assessing the preoperative stageing and the prognosis of endometrial cancer with MR and CT images, we still prefer to have an earlier diagnosis and prognostic biomarkers that are not only used to assess the disease stageing but also to potentially transform therapeutic targets. Thus, we utilized data from TCGA to characterize expression of various genes in tissue samples for more than 30 types of human cancer. This analysis generates enormous amounts of comprehensive genetic, epigenetic, transcriptomic, and proteomic data to enable researchers to systematically analyze differential gene expression as biomarkers in these human cancers.
In our present study, we assessed differential DLL3 expression in endometrial cancer tissues as a biomarker for early detection and prognosis of endometrial cancer using TCGA Table 1 Characteristics of 545 patients with endometrial cancer from the The Cancer Genome Atlas cohort and association of delta-like protein 3 (DLL3) expression with clinicopathologic data. database data. Our results showed that DLL3 expression was upregulated in endometrial cancer tissues, older patients (≥64 years), as well as in advanced FIGO stages (III/IV), grade 3, myometrial deep invasion, and patients with pelvic and paraaortic lymph node metastases. Furthermore, we found that upregulated DLL3 expression is also associated with shorter overall survival of patients with endometrial cancer. DLL3 overexpression and advanced tumor stages, grade, and lymph node metastases were all independent prognostic predictors for endometrial cancer. Our current data demonstrated that DLL3 expression could be a potential and novel tumor marker for early diagnosis and prediction of prognosis in patients with endometrial cancer. Future studies will also investigate targeting DLL3 expression or function as a novel anti-endometrial cancer therapy. Indeed, DLL3 belongs to the Notch signaling family, which is a fundamental and conserved cell signaling system in multicellular organisms. [25, 26] Notch signaling can promote cell proliferation during neurogenesis and cell-fate determination during embryo development and in stem cells. [15] To date, it is well documented in the literature that Notch signaling is frequently dysregulated in various human cancers and targeting Notch signaling pathway networks could be used as a novel cancer therapy strategy. [27] [28] [29] [30] In contrast, although activation of the Notch pathway had a prooncogenic role in some cancers, its expression and activation were reduced in other cancers, including neuroendocrine tumors such as high-grade serous ovarian cancer, small-cell lung cancers, and large-cell neuroendocrine tumors. [31, 32] Another previous study speculated that the Notch pathway could differentially regulate neuroendocrine versus epithelial cell fate in lung development. [33] In tumor biology, dysregulation of Notch signaling is crucial, but it remains unclear whether activation of the Notch signaling pathway exerts a tumor promoting or suppressing role in various cancers, which is dependent on different factors and cell responses, such as inflammation. [34] On the contrary, DLL3 is a member of the DSL ligands for Notch receptors. In contrast with other ligands of the Notch receptors, the DLL3 protein predominantly resides in the Golgi apparatus Table 2 Univariate delta-like protein 3 (DLL3) expression association with clinicopathologic characteristics analyzed by logistic regression test.
DLL3 expression
Clinicopathologic variables
Total N Odds ratio in DLL3 expression P-value and inhibits Notch signaling. [35, 36] DLL3 shares 36% homology with DLL1 but differs from other delta type DSL proteins. [37] Recently, DLL3 was shown to be expressed on the cell surface of high-grade neuroendocrine small cell lung cancer. [13] DLL3 was highly expressed in various human cancers, especially in lung cancer, although DLL3 expression was reduced in hepatocellular carcinoma. [38] [39] [40] [41] A recent study reported that DLL3 expression promoted tumor growth and inhibited Notch signaling in lung cancer cells in mice. [42] Thus, a recent phase I clinical trial using a DLL3-targeted antibody-drug conjugate showed encouraging single-agent anti-tumor activity with a manageable safety profile. [43] Thus, our present data on DLL3 overexpression in endometrial cancer are novel and consistent with the overexpression associated with lung cancer. [28, 29] Furthermore, our literature search and review showed that DLL3 expression was not associated with any survival significance of patients with smallcell lung cancer but that elevated DLL3 expression was associated with poor overall survival of patients with lung adenocarcinoma, but not of patients with lung squamous cell carcinoma and with poor overall survival of patients with nonsmall-cell lung cancer. [39, 44, 45] Thus, our present data on the association of DLL3 overexpression with reduced overall survival of patients with endometrial cancer are consistent with that of the lung adenocarcinoma study.
There are several limitations in our present study. Our analysis only utilized RNA-seq expression data from the TCGA database and DNA mutation/methylation and protein data are not available to confirm these results. Moreover, the data treatment modality is not available and limits the clinical outcome analysis of this study. Thus, our future studies will assess DLL3 expression in a larger set of clinical samples to confirm the role of DLL3 in endometrial cancer.
In conclusion, our present study demonstrated that the upregulation of DLL3 expression in endometrial cancer tissues could be potentially useful as a diagnostic and prognostic marker in endometrial cancer and that DLL3 may represent a novel target for anticancer therapy. Kaplan-Meier curves and the log-rank analysis of overall survival stratified by delta-like protein 3 (DLL3) expression. These patients were followed up for the median period of time of 30.3 months (ranged between 0 and 228 months) and analyzed according to DLL3 expression for overall survival of these patients (P = .0045).
Table 3
Univariate and multivariate analyses of prognostic association between delta-like protein 3 (DLL3) expression and clinicopathologic characteristics. 
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